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dinal axis and a ?rst opening formed therealong for enabling 
?uid communication betWeen an interior of the in?ator and 
an exterior of the in?ator. A ?rst in?ation ?uid source is 
positioned Within the outer Wall. A baf?e system is ?uidly 
interposed betWeen the ?rst in?ation ?uid source and the 
outer Wall for conveying in?ation ?uid betWeen the ?rst 
in?ation ?uid source and the outer Wall, and for cooling the 
in?ation ?uid. A second opening enables ?uid communica 
tion betWeen the ?rst in?ation ?uid source and the baf?e 
system, and a third opening enables ?uid communication 
betWeen the baf?e system and the outer Wall. The ?rst 
opening is substantially radially aligned With the second 
opening. An expanded metal mesh buffer may be positioned 
betWeen Within the baf?e system. Openings enabling ?uid 
communication betWeen the baf?e system and the exterior of 
the baf?e system, any openings provided Within the baf?e 
system, and the opening enabling ?uid communication 
betWeen the interior and exterior of the in?ator housing are 
cooperatively positioned to direct the ?oW of an in?ation 
through the baf?e system in directions substantially perpen 
dicular to and/or substantially parallel to the longitudinal 
axis. Also disclosed is a vehicle occupant restraint system 
incorporating an in?ator in accordance With the present 
invention. 
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INFLATOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of provisional 
application Ser. Nos. 60/551,966 ?led on Mar. 10, 2004 and 
60/551,967 ?led Mar. 10, 2004. 

TECHNICAL FIELD 

[0002] The present invention relates generally to gas gen 
erators or in?ators for use in in?atable occupant restraint 
systems in motor vehicles, and more particularly to such a 
device that is a ?lterless in?ator. 

BACKGROUND OF THE INVENTION 

[0003] Installation of in?atable occupant restraint sys 
tems, generally knoWn as “airbags,” as standard equipment 
in all neW vehicles has intensi?ed the search for smaller, 
lighter and less expensive restraint systems. Accordingly, 
since the in?ator used in such systems tends to be the 
heaviest and most expensive component, there is a need for 
a lighter and less expensive in?ator. 

[0004] A typical in?ator includes a cylindrical steel or 
aluminum housing having a diameter and length related to 
the vehicle application Whereby the propellant is contained 
therein. The in?ator is generally provided With an internal 
?lter comprising one or more layers of steel screen of 
varying mesh and Wire diameter. Gas produced upon com 
bustion of the propellant passes through the ?lter before 
exiting the in?ator. Particulate material, or slag, produced 
during combustion of the propellant in a conventional sys 
tem is substantially removed as the gas passes through the 
?lter. 

[0005] Much research and development in gas generant 
technology has been devoted to reducing the smoke, soot 
and other particulates produced during combustion. Inhala 
tion of the particulates by a vehicle occupant after airbag 
activation can be haZardous. Various gas generant formula 
tions and in?ator design have been developed in Which the 
particulates resulting from combustion of the gas generant 
are substantially eliminated or signi?cantly reduced. 

[0006] Nevertheless, certain types of propellants are still 
desirable notWithstanding the relatively high percent of 
combustion solids produced, given favorable characteristics 
such as burn rate, sustained combustion, and repeatability of 
performance. 

SUMMARY OF THE INVENTION 

[0007] The solution to the problem of reducing airbag 
in?ator siZe, Weight, and cost, and optimiZing ef?ciency, in 
accordance With the present invention, is predicated on the 
concept that it is possible to obviate the need for a ?lter by 
instead providing a baf?e system that routes the gases for 
cooling and slag deposition throughout an associated ?oW 
buffer. 

[0008] The present invention provides an in?ator for a 
vehicle occupant restraint system. The in?ator includes a 
cylindrical outer Wall having a longitudinal axis and a ?rst 
opening formed therealong for enabling ?uid communica 
tion betWeen an interior of the in?ator and an exterior of the 
in?ator. A ?rst in?ation ?uid source or at least one in?ation 

Dec. 1, 2005 

?uid source is positioned Within the outer Wall. A baf?e 
system is intermediate of or ?uidly interposed betWeen the 
?rst in?ation ?uid source and the outer Wall for conveying 
in?ation ?uid betWeen the ?rst in?ation ?uid source and the 
outer Wall, and for cooling the in?ation ?uid. A second 
opening enables ?uid communication betWeen the ?rst in?a 
tion ?uid source and the baf?e system, and a third opening 
enables ?uid communication betWeen the baf?e system and 
the outer Wall. The ?rst opening facilitates overall radial 
?oW from the second opening along the inner baf?e. 

[0009] In a ?rst embodiment, the baf?e system includes an 
inner baf?e and an outer baf?e concentrically arranged about 
the outer Wall longitudinal axis to form a plenum therebe 
tWeen. In addition, the outer baf?e is positioned radially 
inWard of the housing outer Wall to form a plenum extending 
betWeen the outer Wall and the outer baf?e. An expanded 
metal mesh buffer may be positioned in the plenum betWeen 
the inner and outer baf?es. Openings enabling ?uid com 
munication betWeen the baf?e system and the exterior of the 
baf?e system, any openings provided Within the baf?e 
system, and the opening enabling ?uid communication 
betWeen the interior and exterior of the in?ator housing are 
cooperatively positioned to direct the ?oW of an in?ation 
through the baf?e system in directions substantially perpen 
dicular to and/or substantially parallel to the longitudinal 
axis. 

[0010] In another aspect of the invention, a vehicle occu 
pant restraint system is provided incorporating an in?ator in 
accordance With the present invention. 

[0011] It is believed that the advantages attendant to the 
in?ator formed in accordance With the present invention Will 
translate into similar bene?ts With regard to the airbag 
module and With regard to the vehicle occupant restraint 
system in general. These advantages include, for example, 
loWer gas exit temperatures, manufacturing simplicity, 
lighter Weight, reduced manufacturing cost, simpli?ed 
assembly, and tailorability of the in?ation pro?le of an 
associated airbag. 

[0012] It is also believed that the patterns of circumfer 
ential and/or longitudinal ?uid ?oW established by the 
relative positioning of gas ?oW openings formed in the 
in?ator components Will provide a predetermined degree of 
cooling of the in?ation ?uid. By appropriate modi?cation of 
such factors as the relative gas ?oW opening locations and 
the number of baf?es used, the degree of ?uid cooling may 
be correspondingly adjusted to meet the cooling require 
ments of a particular application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a cross-sectional plan vieW of a ?rst 
embodiment of an in?ator in accordance With the present 
invention; 

[0014] FIG. 2 is a cross-sectional side vieW of the in?ator 
of FIG. 1 taken along line 2-2 of FIG. 1. 

[0015] FIG. 3 is a cross-sectional plan vieW of a second 
embodiment of an in?ator in accordance With the present 
invention; 

[0016] FIG. 4 is a cross-sectional side vieW of the in?ator 
of FIG. 3 taken along line 4-4 of FIG. 3; 
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[0017] FIG. 5 is a cross-sectional side vieW of a third 
embodiment of an in?ator in accordance With the present 
invention; 
[0018] FIG. 6 is a vieW of an airbag module employing an 
in?ator constructed in accordance With the present inven 
tion; and 

[0019] FIG. 7 is a schematic representation of an exem 
plary vehicle occupant restraint system incorporating an 
in?ator in accordance With the present invention. 

[0020] FIG. 8 is another embodiment of the present inven 
tion. 

[0021] FIG. 9 is another embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0022] The present invention broadly comprises a gas 
generator or in?ator that is formed Without the Wire mesh 
?lter required in earlier designs for removing particulate 
materials from the stream of in?ation gas upon combustion. 
A baf?e/buffer system is therefore employed in place of the 
?lter Whereby upon gas generant combustion, slag is formed 
Within the buffer system and gases are also cooled therein. 
Selection of suitable gas generant compositions capable of 
combusting to produce in?ation gas Without an undue quan 
tity of particulates further obviates the need for a conven 
tional ?lter. Obviating the need for a ?lter in an in?ator 
alloWs the devices to be simpler, lighter, less expensive and 
easier to manufacture. Although the preferred embodiment 
of the present invention does not contain a ?lter, a ?lter 
formed by knoWn or otherWise suitable methods may be 
included if desired. All of the component parts of the present 
invention are knoWn in the art or manufactured by knoWn 
processes. 

[0023] FIGS. 1 and 2 shoW a cross-sectional vieW of a 
?rst embodiment of an in?ator 10 in accordance With the 
present invention. In?ator 10 is preferably constructed of 
components made from durable metals such as carbon steel 
or iron, but may also include components made from tough 
and impact- resistant polymers, for example. One of ordi 
nary skill in the art Will appreciate various methods of 
construction for the various components of the in?ator. US. 
Pat. Nos. 5,035,757, 6,062,143, 6,347,566, US. Patent 
Application Serial No. 2001/0045735, WO 01/08936, and 
WO 01/08937 exemplify typical designs for the various 
in?ator components, and are incorporated herein by refer 
ence in their entirety, but not by Way of limitation. 

[0024] Referring to FIGS. 1 and 2, in?ator 10 includes a 
generally cylindrical housing 12 having a closed end 14, an 
open end 16, and an outer Wall 18 extending along a 
longitudinal axis “A”. Housing 12 may be cast, stamped, 
extruded, or otherWise metal-formed. At least one and, 
preferably, a plurality of openings 20 are formed along 
housing Wall 18 to permit ?uid communication betWeen an 
interior of the in?ator and an airbag (not shoWn). In addition, 
in the embodiment shoWn in FIGS. 1 and 2, at least one and, 
preferably, a plurality of openings 20‘ are formed along 
in?ator outer Wall 18 substantially diametrically opposite 
openings 20 formed along the outer Wall. 

[0025] Openings 20 may be covered With a foil 56 such as 
aluminum or stainless steel foil to prevent the incursion of 
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Water vapor into in?ator housing 12. The foil 56, sometimes 
referred to as “burst foil” is typically of a thickness of from 
0.01 to about 0.20 mm. The foil 56 is typically adhered to an 
interior surface of the in?ator housing through the use of an 
adhesive. 

[0026] An in?ator housing closure 30 is crimped, Welded, 
or otherWise ?xed to open end 16 of housing 12. Closure 30 
may be cast, stamped, or otherWise metal-formed. Alterna 
tively, closure 30 may be molded from a suitable high 
temperature-resistant polymer. 

[0027] In?ator 10 also includes a ?rst in?ation ?uid source 
positioned Within the outer Wall for releasably storing, 
generating, or otherWise providing an in?ation ?uid for 
in?ating an in?atable element (for example, an airbag) of a 
vehicle occupant restraint system. In the embodiment shoWn 
in FIGS. 1 and 2, the ?rst in?ation ?uid source comprises 
a gas generant composition 22 positioned Within a combus 
tion chamber 24 de?ned by a ?rst baf?e 60 (described in 
greater detail beloW) and end closure 30. 

[0028] Other in?ation ?uids sources are contemplated for 
use in the present invention. For example, in an alternative 
embodiment (not shoWn), a vessel containing a pressuriZed 
gas may be positioned Within housing 12 for use as an 
in?ation ?uid source. 

[0029] Gas generant 22 may be any knoWn gas generant 
composition (including a smokeless gas generant composi 
tion) useful for airbag application and is exempli?ed by, but 
not limited to, compositions and processes described in US. 
Pat. Nos. 5,035,757, 5,872,329, 6,074,502, 6,287,400, 
6,306,232 and 6,475,312 each incorporated by reference 
herein. Other suitable compositions are set forth in the US. 
patent application Ser. Nos. 10/407,300 and 60/369,775, 
incorporated by reference herein. As used herein, the term 
“smokeless” should be generally understood to mean such 
propellants as are capable of combustion yielding at least 
about 90% gaseous products based on a total product mass; 
and, as a corollary, less than about 10% solid products based 
on a total product mass. It has been generally found that 
?lters as used in other in?ator designs can be eliminated by 
using compositions having the described combustion char 
acteristics. 

[0030] An igniter 26 is secured to in?ator 10 so as to 
enable ?uid communication With such that the igniter is in 
communication With the interior of gas generant 22, for 
igniting the gas generant upon occurrence of a crash event. 
In the embodiment shoWn in FIGS. 1 and 2, igniter 26 is 
positioned and secured Within an annular bore of housing 
closure 30 using knoWn methods. In an alternative embodi 
ment (not shoWn), a perforated igniter support tube may be 
Welded or otherWise ?xed Within housing 12 to support 
igniter 26. The perforated support tube alloWs a ?ame front 
generated by igniter 26 to pass to gas generant 22, thereby 
igniting the gas generant and producing an in?ating gas. 
Igniter 26 may be formed as knoWn in the art. One exem 
plary igniter construction is described in US. Pat. No. 
6,009,809, herein incorporated by reference. 

[0031] Referring to FIGS. 1 and 2, a quantity of a knoWn 
booster propellant 28 may be positioned Within in?ator 
housing 12 so as to enable ?uid communication betWeen the 
booster propellant and gas generant composition 22 upon 
activation of the in?ator. A cup 25 may be positioned Within 
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the in?ator housing to enclose igniter 26 and to house 
booster propellant 28. Cup 25 may be stamped, extruded, die 
cast, or otherWise metal formed and may be made from 
carbon steel, stainless steel, or any other thermally conduc 
tive metal or metal alloy. Booster propellant 28 may be 
positioned in cup 25 to facilitate combustion of gas generant 
22, in a manner knoWn in the art. Activation of igniter 26 
produces combustion of the booster propellant, thereby 
effecting ignition of gas generant composition 22 in a 
manner knoWn in the art. In addition, a cavity may be 
formed in an end surface of the booster cup for accommo 
dating a quantity of a heat-activated auto-ignition compound 

[0032] A quantity of a knoWn auto-ignition compound 29 
may be positioned Within the in?ator so as to enable ?uid 
communication betWeen gas generant 22 and the auto 
ignition compound upon activation of the in?ator. In a 
manner knoWn in the art, ignition of gas generant 2 is 
produced by ignition of auto-ignition material 29 resulting 
from heat from combustion of booster propellant 28. Auto 
ignition material 29 is a pyrotechnic material Which is 
ignited by exposure to a temperature loWer than the ignition 
temperature of gas generant 22. Auto-ignition material 29 
produces a hot gas/particulate ef?uent When ignited. Suit 
able auto ignition materials are knoWn to those skilled in the 
art. Examples of suitable auto-ignition materials are nitro 
cellulose based compositions and gun poWder. Alternatively, 
combustion of gas generant 22 may be initiated by combus 
tion of booster propellant 28 Without the use of an auto 
ignition material. 

[0033] Referring again to FIGS. 1 and 2, the in?ator of 
the present invention employs a baf?e system, generally 
designated 58 for conveying in?ation ?uid betWeen com 
bustion chamber 24 and in?ator outer Wall 18, and for 
cooling in?ation gases ?oWing therethrough. Baf?e system 
58 is ?uidly interposed betWeen gas generant composition 
22 and in?ator outer Wall 18 (i.e., baf?e system 58 is 
con?gured such that in?ation ?uid generated by combustion 
of gas generant 22 passes through the baf?e system in order 
to reach in?ator outer Wall 18.) 

[0034] Referring to FIGS. 1 and 2, in a ?rst embodiment, 
baf?e system 58 includes an inner baf?e 60 and an outer 
baf?e 62, both of baf?es 60 and 62 being substantially 
concentrically arranged about longitudinal axis A. 
[0035] Outer baf?e 62 is positioned radially inWardly of 
outer Wall 18 and in ?uid communication With the outer 
Wall, thereby forming a plenum 64 extending betWeen outer 
baf?e 62 and housing outer Wall 18. Inner baf?e 60 is 
positioned radially inWardly of outer baf?e 62 so as to enable 
?uid communication betWeen gas generant 22 and the inner 
baf?e. In the embodiment shoWn, inner baf?e 60 de?nes 
combustion chamber 24 containing gas generant 22. Inner 
baf?e 60 also includes at least one opening 61 formed 
therealong, and at least one opening formed substantially 
diametrically opposite opening 61‘, for enabling ?uid com 
munication betWeen the gas generant 22 and the baf?e 
system. In the embodiments of the baf?e system disclosed 
herein, opening(s) 61, 61‘ for enabling ?uid communication 
betWeen the ?rst in?ation ?uid source and the baf?e system 
are substantially radially aligned With respective opening(s) 
20, 20‘ in housing outer Wall 18. 

[0036] Outer baf?e 62 also has at least one opening 63 and 
at least one opening 63‘ formed substantially diametrically 
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opposite opening 63, for enabling ?uid communication 
betWeen the baf?e system and in?ator outer Wall. In the 
embodiments shoWn in FIGS. 1-4, openings 63, 63‘ formed 
along outer baf?e 62 are angularly spaced apart approxi 
mately 90° from respective ones of openings 61 and 61‘ 
formed along inner baf?e 60. It should be emphasiZed that 
the apertures may be formed along inner baf?e 60 and outer 
baf?e 62 at the positions described, or they may be formed 
at other positions, thereby altering the pressuriZed ?uid ?oW 
and also the time of migration through the tWo baf?es. 

[0037] Baf?es 60 and 62 may be extruded or roll-formed 
or otherWise metal formed, and may be made from alumi 
num or stainless steel, for example. Each baf?e may be 
pierced to accommodate the orientation of the various 
openings described above. 

[0038] In alternative embodiments (not shoWn), openings 
are not provided along baf?es 60 and/or 62 to enable ?uid 
communication With an exterior of the baf?e system. Rather, 
end portions of the baf?es are spaced apart from the housing 
to provide a gap betWeen the baf?e and the housing through 
Which in?ation gases may migrate. 

[0039] In the embodiment shoWn in FIGS. 1 and 2, outer 
baf?e 62 is arranged substantially concentrically With inner 
baf?e 60 about longitudinal axis A to form a plenum 65 
betWeen the tWo baf?es, Which facilitates gas ?uid ?oW from 
inner baf?e 60 to outer baf?e 62. 

[0040] In alternative embodiments (not shoWn), additional 
baf?es may be incorporated Within baf?e system 58, in 
accordance With in?ation gas cooling and ?oW requirements 
and in?ator housing space limitations. HoWever, openings 
61, 61‘ and 63, 63‘ enabling ?uid communication betWeen 
the baf?e system and the exterior of the baf?e system, any 
openings provided along baf?es (not shoWn) positioned 
betWeen the inner and outer baf?es, and the opening(s) 20, 
20‘ enabling ?uid communication betWeen the interior and 
exterior of the in?ator housing are cooperatively positioned 
to direct the ?oW of an in?ation through baf?e system 58 in 
directions substantially perpendicular to and/or substantially 
parallel to the longitudinal axis. 

[0041] Referring again to FIGS. 1 and 2, a buffer 68 is 
positioned betWeen inner baf?e 60 and outer baf?e 62 for 
attenuating the high pressure in?ation gas ?oW as it migrates 
through the baf?e system. Buffer 68 may be formed from 
expanded metal mesh, for example. 

[0042] FIGS. 3 and 4 shoW an alternative embodiment of 
the in?ator. In FIGS. 3 and 4, like numerals are used to 
identify features similar to those identi?ed in FIGS. 1 and 
2. 

[0043] Referring to FIGS. 3 and 4, in an alternative 
embodiment, in?ator 10 may include a second in?ation ?uid 
source positioned Within in?ator outer Wall 18 in ?uid 
isolation from the ?rst in?ation ?uid source. The second 
in?ation ?uid source is also positioned such that baf?e 
system 58 is ?uidly interposed betWeen the second in?ation 
?uid source and in?ator outer Wall 18. 

[0044] In the embodiment shoWn in FIGS. 3 and 4, the 
second in?ation ?uid source comprises a second gas gener 
ant composition 80 positioned Within a combustion chamber 
82 de?ned by a shell 84. Shell 84 may be formed from a 
metal or metal alloy. Similar to gas generant 20 described 
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above, second gas generant 80 may be any known gas 
generant composition (including a smokeless gas generant 
composition) useful for airbag application and is exempli 
?ed by, but not limited to, compositions and processes 
described in US. Pat. Nos. 5,035,757, 5,872,329, 6,074,502, 
6,287,400, 6,306,232 and 6,475,312 each incorporated by 
reference herein. Other suitable compositions are set forth in 
the US. patent application Ser. Nos. 10/407,300 and 60/369, 
775, incorporated by reference herein. 

[0045] A barrier 86 may be provided for ?uidly isolating 
second gas generant 80 from ?rst gas generant 22. Barrier 86 
prevents sympathetic ignition of second gas generant 80 in 
response to ignition of ?rst gas generant 22, by preventing 
?ame and combustion products from combustion of the ?rst 
gas generant from reaching the second gas generant. Barrier 
86 is constructed and positioned along an exterior surface of 
shell 84 and is con?gured so as to be pierced, detached from 
shell 84, or otherWise perforated or destroyed by pressure 
resulting from ignition of second gas generant 80, to permit 
release of in?ation gas from shell 84 into baf?e system 58 
upon ignition of the second gas generant. Barrier 86 may be 
formed from a sheet of high-temperature resistant metal or 
metal alloy. 

[0046] A second igniter 88 is secured to in?ator 10 so as 
to enable ?uid communication With second gas generant 80 
upon activation of the second igniter. In the embodiment 
shoWn in FIG. 1, second igniter 88 is positioned and secured 
Within a bore of housing closure 30 using knoWn methods. 
In an alternative embodiment (not shoWn), a perforated 
igniter support tube (not shoWn) may be Welded or otherWise 
?xed Within housing 12 to support second igniter 88. The 
perforated support tube alloWs a ?ame front generated by 
second igniter 88 to pass to gas generant 80, thereby igniting 
the gas generant and producing an in?ating gas. In this 
alternative embodiment, shell 84 forms a second combustion 
chamber 82 for containment of second gas generant 80. 
Second igniter 88 may be formed as knoWn in the art. One 
exemplary igniter construction is described in US. Pat. No. 
6,009,809, herein incorporated by reference. If desired, 
second igniter 88 may be simultaneously or subsequently 
ignited With ?rst igniter 26, thereby producing additional 
in?ation gases from second gas generant 80. 

[0047] Referring to FIG. 5, a particular embodiment of the 
in?ator features bidirectional ?uid ?oW through the baffle 
system substantially parallel to longitudinal axis A, along 
the directions indicated by arroW B. In the embodiment 
shoWn, inner baffle 60 preferably includes one or more gas 
transfer openings 61 spaced about the circumference of the 
inner baf?e and juxtaposed near housing closure 30. Outer 
baffle 62 preferably contains one or more gas transfer 
openings 63 spaced about the circumference of the second 
baf?e and juxtaposed near closed end 14 of housing 12. 

[0048] As in the embodiments previously described, an 
expanded metal mesh or buffer 68 occupies a plenum 65 
formed betWeen the inner and outer baf?es, thereby func 
tioning to cool the gases and also buffer the high pressure 
How of the combustion gases. Also, in the embodiment 
shoWn in FIG. 2, opening 63 for enabling ?uid communi 
cation betWeen baffle system 58 and outer Wall 18 is 
substantially radially aligned With opening 61 for enabling 
?uid communication betWeen ?rst gas generant 22 and baf?e 
system 58, and opening 61 is also substantially radially 
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aligned With opening 20 in outer Wall 18. Similarly, opening 
63‘ for enabling ?uid communication betWeen baf?e system 
58 and outer Wall 18 is substantially radially aligned With 
opening 61‘ for enabling ?uid communication betWeen ?rst 
gas generant 22 and baffle system 58, and opening 61‘ is also 
substantially radially aligned With opening 20‘ in outer Wall 
18. 

[0049] In yet another embodiment shoWn in FIG. 8, a 
perforated booster tube 300 is integrated into a structure 
otherWise very much like that shoWn in FIG. 5. The booster 
tube 300 is press ?t about the igniter and extends longitu 
dinally from the body bore seal toWard the housing 18 
bottom thereby encapsulating the autoignition compound 
29. A perforated cross member 302 provides ?uid commu 
nication betWeen the ignition chamber and the autoignition 
compound upon activation thereof. Accordingly, upon in?a 
tor actuation, ignition products How radially outWard into 
the propellant 22 thereby igniting the same. Upon combus 
tion of propellant 22, gases formed ?oW radially around the 
inner baf?e and axially up through the inner baf?e plenum, 
then radially over the outer baf?e Wall and axially through 
the outer baffle plenum, and then radially through the 
housing or outer Wall. It Will be appreciated that as shoWn 
in the draWings, a relatively smaller number of Welds are 
needed to assemble the in?ator assembly thereby simplify 
ing the manufacturing process. 

[0050] To assemble the in?ator of FIG. 8, an igniter is 
crimped Within the body bore seal. An annular inner baf?e 
Wall 304 is then press ?t over the igniter and against the body 
bore seal 301 thereby forming the inner baf?e. The perfo 
rated booster tube 300 is then press ?t over the crimped 
igniter. Booster compound 28 is then placed Within booster 
tube 300. A perforate booster tube cap 304 is then press ?t 
over the booster tube 300 to contain the same. Autoignition 
compound 29 is then placed adjacent the cap 304. An 
annular ?lter 306 is then press ?t over inner baf?e Wall 304. 
An outer baffle 308 is then press ?t over the ?lter 306. The 
outer housing is then press ?t over the outer baf?e Wall 304 
and then laser Welded to the base. 

[0051] FIG. 9 illustrates an in?ator formed much like that 
shoWn in FIG. 8 except that the in?ator has a second 
chamber Welded therein. Again, axial How and improved 
manufacturing are exempli?ed by the design of FIG. 9. 

[0052] Operation of the in?ator Will noW be discussed 
With reference to FIGS. 1 and 2. 

[0053] Upon a crash event, a signal from a crash sensor 
(not shoWn) is conveyed to igniter 26, thereby activating 
booster propellant 28. In the embodiment shoWn in FIGS. 3 
and 4, a signal from the crash sensor may also be conveyed 
(simultaneously or subsequently) to second igniter 88, 
thereby activating second igniter 88 and igniting second gas 
generant 80. Heat from ignition of booster propellant 28 
transferred through produces ignition of auto-ignition com 
pound 29, thereby igniting gas generant 22. 

[0054] In the embodiments shoWn in FIGS. 1 and 2, 
in?ation gas produced by combustion of gas generants 22 
and 80 proceeds radially out through inner baffle openings 
61 and 61‘ and into plenum 65, ?oWing bidirectionally 
around either side of inner baffle 60 and also through buffer 
68, in the directions indicated by arroWs C and D. The 
in?ation gas then exits plenum 65 via outer baf?e openings 
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63 and 63‘, ?owing radially into plenum 64 formed between 
outer baf?e 62 and housing outer Wall 18, and ?owing in the 
directions indicated by arroWs E and F. Gases then ?oW 
through openings 20 and 20‘ and out of the housing into an 
associated airbag (not shoWn). In this embodiment, it may be 
seen that the in?ation gases ?oW through baf?e system 
circumferentially in directions substantially perpendicular to 
in?ator longitudinal axis A. 

[0055] In the embodiment shoWn in FIG. 5, combustion 
gases ?rst ?oW through openings 61 and 61‘ in inner baf?e 
60. The gases then migrate upWardly through buffer 68 and 
then ?oW through openings 63 and 63‘ in outer baf?e 62. 
Once past the outer baf?e, the gases then ?oW doWnWardly 
toWard the housing gas exit openings 20 and 20‘ and out 
therethrough for in?ation of the associated airbag. In this 
embodiment, it may be seen that the in?ation gases ?oW 
through the baf?e system substantially parallel to longitu 
dinal axis A. 

[0056] In yet another alternative embodiment, openings 
61, 61‘ and 63, 63‘ enabling ?uid communication betWeen 
the baf?e system and the exterior of the baf?e system, and 
any openings provided Within the baf?e system (for 
example, openings formed in any intermediate baf?es posi 
tioned betWeen inner baf?e 60 and outer baf?e 62) are 
con?gured to alternately direct the ?oW of an in?ation 
through the baf?e system alternately in directions substan 
tially perpendicularly to and substantially parallel to longi 
tudinal axis A. 

[0057] It is believed that the patterns of circumferential 
and/or longitudinal ?uid ?oW established by the relative 
positioning of gas ?oW openings formed in the in?ator 
components Will provide a predetermined degree of cooling 
of the in?ation ?uid. By appropriate modi?cation of such 
factors as the relative gas ?oW opening locations and the 
number of baf?es used, the degree of ?uid cooling may be 
correspondingly adjusted to meet the cooling requirements 
of a particular application. 

[0058] FIG. 6 shoWs a particular application of an in?ator 
structure in accordance With one of the embodiments 
described above. Referring to FIG. 6, a baf?e system as 
described above may be incorporated into a driver side 
airbag module 100. Airbag module 100 comprises a module 
housing 102 having a rupturable frontal closure 114, an 
airbag 116, and an in?ator 10 in accordance With one of the 
embodiments previously described. An exemplary in?ator 
construction suitable for use in airbag module 100, absent 
inner and outer baf?es 60 and 62, is described in US. Pat. 
No. 6,422,601, incorporated herein by reference. As 
described above, in?ator housing 12 contains openings 20 
and 20‘ (not shoWn) in ?uid communication With an interior 
of airbag 116, for effecting discharge of gas produced by gas 
generants 22 and 80 (not shoWn). 
[0059] Referring noW to FIG. 7, airbag module 100 or any 
of the in?ator embodiments described above may also be 
incorporated into a broader, more comprehensive vehicle 
occupant restraint system 180 including additional elements 
such as, for example, a safety belt assembly 150. FIG. 7 
shoWs a schematic diagram of one exemplary embodiment 
of such a restraint system. Airbag module 100 may be in 
communication With a crash event sensor 210 Which is in 
communication With a knoWn crash sensor algorithm that 
signals actuation of airbag module 100 via, for example, 
activation of igniter 26 (FIG. 2) in the event of a collision. 

[0060] Safety belt assembly 150 includes a safety belt 
housing 152 and a safety belt 225 in accordance With the 
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present invention extending from housing 152. Asafety belt 
retractor mechanism 154 (for example, a spring-loaded 
mechanism) may be coupled to an end portion 153 of the 
belt. In addition, a safety belt pretensioner 156 may be 
coupled to belt retractor mechanism 154 to actuate the 
retractor mechanism in the event of a collision. Typical seat 
belt retractor mechanisms Which may be used in conjunction 
With the safety belt embodiments of the present invention 
are described in Us. Pat. Nos. 5,743,480, 5,553,803, 5,667, 
161, 5,451,008, 4,558,832 and 4,597,546, incorporated 
herein by reference. Illustrative examples of typical preten 
sioners With Which the safety belt embodiments of the 
present invention may be combined are described in US. 
Pat. Nos. 6,505,790 and 6,419,177, incorporated herein by 
reference. 

[0061] Safety belt system 150 may be in communication 
With a crash event sensor 158 (for example, an inertia sensor 
or an accelerometer) including a knoWn crash sensor algo 
rithm that signals actuation of belt pretensioner 156 via, for 
example, activation of a pyrotechnic igniter (not shoWn) 
incorporated into the pretensioner. U.S. Pat. Nos. 6,505,790 
and 6,419,177, previously incorporated herein by reference, 
provide illustrative examples of pretensioners actuated in 
such a manner. 

[0062] It is believed that the advantages attendant to the 
in?ator formed in accordance With the present invention Will 
translate into similar bene?ts With regard to the airbag 
module and With regard to the vehicle occupant restraint 
system in general. These advantages include, for example, 
loWer gas exit temperatures, manufacturing simplicity, 
lighter Weight, reduced manufacturing cost, simpli?ed 
assembly, and tailorability of the in?ation pro?le of an 
associated airbag. 

[0063] While incorporation of the baf?e system and other 
principles of the invention have been described herein as 
applied to a driver side in?ator, it should be appreciated that 
passenger side and other in?ators such as side impact 
in?ators may be constructed according to the present inven 
tion. It Will also be understood that the foregoing description 
of an embodiment of the present invention is for illustrative 
purposes only. As such, the various structural and opera 
tional features herein disclosed are susceptible to a number 
of modi?cations commensurate With the abilities of one of 
ordinary skill in the art, none of Which departs from the 
scope of the present invention as de?ned in the appended 
claims. 

1. An in?ator for a vehicle occupant protection system, 
the in?ator comprising: 

a cylindrical outer Wall having a longitudinal axis and at 
least one opening formed therealong for enabling ?uid 
communication betWeen an interior of the in?ator and 
an exterior of the in?ator; 

a ?rst in?ation ?uid source positioned Within the outer 
Wall; 

a baf?e system ?uidly interposed betWeen the ?rst in?a 
tion ?uid source and the outer Wall for conveying 
in?ation ?uid betWeen the ?rst in?ation ?uid source 
and the outer Wall; 

at least one opening for enabling ?uid communication 
betWeen the ?rst in?ation ?uid source and the baf?e 
system; and 

at least one opening for enabling ?uid communication 
betWeen the baf?e system and the outer Wall, the at 
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least one opening for enabling ?uid communication 
betWeen the ?rst in?ation ?uid source and the baf?e 
system being substantially radially aligned With the at 
least one opening for enabling ?uid communication 
betWeen an interior of the in?ator and an exterior of the 
in?ator. 

2. The in?ator of claim 1 Wherein the in?ation ?uid source 
comprises a quantity of a gas generant composition. 

3. The in?ator of claim 2 Wherein the gas generant 
composition comprises a smokeless gas generant composi 
tion. 

4. The in?ator of claim 1 Wherein at least one opening for 
enabling ?uid communication betWeen the ?rst in?ation 
?uid source and the baf?e system, the at least one opening 
for enabling ?uid communication betWeen the baf?e system 
and the outer Wall, and the at least one opening for enabling 
?uid communication betWeen an interior of the in?ator and 
an exterior of the in?ator are arranged such that in?ation 
?uid conveyed through the baf?e system from the ?rst 
in?ation ?uid source to the outer Wall ?oWs through the 
baf?e system in directions substantially perpendicularly to 
the longitudinal axis. 

5. The in?ator of claim 1 Wherein at least one opening for 
enabling ?uid communication betWeen the ?rst in?ation 
?uid source and the baf?e system, the at least one opening 
for enabling ?uid communication betWeen the baf?e system 
and the outer Wall, and the at least one opening for enabling 
?uid communication betWeen an interior of the in?ator and 
an exterior of the in?ator are arranged such that in?ation 
?uid conveyed through the baf?e system from the ?rst 
in?ation ?uid source to the outer Wall ?oWs through the 
baf?e system in directions substantially parallel to the lon 
gitudinal axis. 

6. The in?ator of claim 1 Wherein the at least one opening 
for enabling ?uid communication betWeen the baf?e system 
and the outer Wall is substantially radially aligned With the 
at least one opening for enabling ?uid communication 
betWeen the ?rst in?ation ?uid source and the baf?e system 
and the at least one opening for enabling ?uid communica 
tion betWeen an interior of the in?ator and an exterior of the 
in?ator. 

7. The in?ator of claim 1 Wherein the baf?e system 
comprises an outer baf?e positioned radially inWardly of the 
outer Wall and in ?uid communication With the outer Wall; 
and 

an inner baf?e positioned radially inWardly of the outer 
baf?e so as to enable ?uid communication betWeen the 
in?ation ?uid source and the inner baf?e. 

8. The in?ator of claim 6 Wherein the inner baf?e and the 
outer baf?e are substantially concentrically arranged about 
the longitudinal axis. 

9. The in?ator of claim 7 Wherein the at least one opening 
for enabling ?uid communication betWeen the in?ation ?uid 
source and the baf?e system is formed along the inner baf?e. 

10. The in?ator of claim 9 Wherein the at least one 
opening for enabling ?uid communication betWeen the 
baf?e system and the outer Wall is formed along the outer 
baf?e and is angularly spaced apart approximately 90° from 
the at least one opening for enabling ?uid communication 
betWeen the in?ation ?uid source and the baf?e system. 

11. The in?ator of claim 10 further comprising another at 
least one opening formed along the inner baf?e substantially 
diametrically opposite the least one opening formed along 
the inner baf?e, another at least one opening formed along 
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the outer baf?e substantially diametrically opposite the least 
one opening formed along the outer baf?e, and another at 
least one opening formed along the outer Wall substantially 
diametrically opposite the least one opening formed along 
the outer Wall. 

12. The in?ator of claim 7 Wherein the at least one 
opening for enabling ?uid communication betWeen the 
baf?e system and the outer Wall is formed along the outer 
baf?e. 

13. The in?ator of claim 1 further including another at 
least one opening formed along the outer Wall substantially 
diametrically opposite the least one opening formed along 
the outer Wall. 

14. The in?ator of claim 7 further comprising a buffer 
positioned betWeen the inner baf?e and the outer baf?e for 
cooling in?ation ?uid ?oWing betWeen the inner and outer 
baf?es. 

15. The in?ator of claim 14 Wherein the buffer comprises 
an expanded metal mesh. 

16. The in?ator of claim 1 further comprising a second 
in?ation ?uid source positioned Within the outer Wall in ?uid 
isolation from the ?rst in?ation ?uid source, and Wherein the 
baf?e system is ?uidly interposed betWeen the second in?a 
tion ?uid source and the outer Wall for conveying in?ation 
?uid betWeen the second in?ation ?uid source and the outer 
Wall. 

17. The in?ator of claim 16 Wherein the second in?ation 
?uid source comprises a quantity of a gas generant compo 
sition. 

18. The in?ator of claim 17 Wherein the gas generant 
composition comprises a smokeless gas generant composi 
tion. 

19. The in?ator of claim 17 Wherein the second in?ation 
?uid source is ?uidly isolated from the ?rst in?ation ?uid 
source by a barrier con?gured for preventing sympathetic 
ignition of the second gas generant composition in response 
to ignition of the ?rst gas generant composition, and for 
enabling release of in?ation gas into the baf?e system upon 
ignition of the second gas generant composition. 

20. A vehicle occupant restraint system comprising: 

an in?ator having a cylindrical outer Wall including a 
longitudinal axis and at least one opening formed 
therealong for enabling ?uid communication betWeen 
an interior of the in?ator and an exterior of the in?ator, 
a ?rst in?ation ?uid source positioned Within the outer 
Wall, a baf?e system ?uidly interposed betWeen the ?rst 
in?ation ?uid source and the outer Wall for conveying 
in?ation ?uid betWeen the ?rst in?ation ?uid source 
and the outer Wall, at least one opening for enabling 
?uid communication betWeen the ?rst in?ation ?uid 
source and the baf?e system, and at least one opening 
for enabling ?uid communication betWeen the baf?e 
system and the outer Wall, the at least one opening for 
enabling ?uid communication betWeen the ?rst in?a 
tion ?uid source and the baf?e system being substan 
tially radially aligned With the at least one opening for 
enabling ?uid communication betWeen an interior of 
the in?ator and an exterior of the in?ator; and 

a crash event sensor in operative communication With the 
in?ator, the crash event sensor including a knoWn crash 
sensor algorithm adapted to signal activation of the 
airbag system in the event of a collision. 

* * * * * 


